ABSTRACT
INTRODUCTION
he European-based pharmaceutical industry is important because it contributes to the economic, social and research life of the European Union. Pharmaceutical companies employ approximately 645,000 workers in Europe (2007), including around 100,000 people in research and development. The industry makes a significant contribution to the European Union's trade balance (€49 billion in 2007), in addition to making a substantial investment in the European science base (€26 billion in 2007). However, despite the strength of the industry for both production and development, Europe has not been able to maintain its leading role as a pharmaceutical industry. The recent statistics show that six of the top ten biggest selling medicines in the world originated in Europe and four in the USA in 1992, but these numbers had reversed with seven of the top selling medicines coming from the USA and only three from Europe in 2005 (European Commission April 2009).
The European Commission has aimed to achieve a single pharmaceutical market to make the industry again the natural home of pharmaceuticals. Completion of the single market in pharmaceuticals is essential for this T purpose, and in addition to protect the health of patients, for rapid access to the market, to encourage innovation in therapies, and for a competitive environment. However, the single pharmaceutical market process has been distracted by the considerable fragmentation of the national markets with different pricing regulations and reimbursements, which lead to extra costs for the industry and patients.
Achieving a single market in pharmaceuticals is complicated not only by the diverse interest involved by each member country, but also by the unique nature of the research-based industry. The functions of demand are split between the patient, the prescribing doctor, different characteristics of health care systems and the consumers' expectation on affordable prices for medical progress. There are big differences between the national markets in pharmaceuticals, from the point of standard of living, demand and consumption of pharmaceutical to distribution costs, pricing and reimbursement regulations and health care systems. Particularly, regulating the pharmaceutical industry is a difficult challenge for policy makers, who seek low health care costs and affordable drugs, but also want accessibility to the highest quality medicines and more generally a successful industry (Permanand and Mossialos 2004) . Despite the European Union (EU)-level movement toward the single pharmaceutical market and the European Commission's expanding role in this area, pharmaceutical policy is still primarily determined at the national level (Norris 1998 ). Pharmacoeconomics, parallel importing, and generic substitution also impact policy decisions (Seget 2003) . Therefore, despite decades of Community level attempts at coordination, European pharmaceuticals remain separate national markets rather than a single market. Each member state uses a different system, adapted to its own economic and health needs. The Commission has never proposed legislative measures to address pharmaceutical price controls and reimbursement regulations at the EU level, considering this to be primarily a national concern. Even though the industry continues requesting that the Commission remove certain forms of national price regulation, the industry cannot be wholly protected from inter-brand competition from generics following patent expiration or intra-brand competition created by parallel importing from lower priced EU countries (Mossialos, et al. 2004 ). On the other hand, some national governments have been taking "me-too" approaches for regulating drug prices and controlling reimbursement (Redwood 1994) , imitating policies of other governments despite the limited effectiveness and evaluation of many of the measures adopted (Guillen and Cabiedes 2003) . Consequently, both industrial policy and regulation of the pharmaceuticals remain responsibilities shared between the EU level and the member states. The Commission has no power to determine national prices, reimbursement regulations or profit controls, but attempts to ensure that national procedures are efficient, transparent and fair. It stresses that there are no reasons to exempt pharmaceuticals from the single market rules (European Commission 1998).
In this paper, we take Spain as a base country, which represents a strictly regulated pharmaceutical industry and compare its prices with lesser extent regulated markets, such as France and Italy, and the least regulated markets, Germany and the United Kingdom. Therefore, we expect relatively lower prices in Spain than the other nations. We find that the prices are indeed low in Spain, but also observe that price differentials are getting closer over time.
REGULATING EUROPEAN PHARMACEUTICAL PRICES AND REIMBURSEMENT
The current EU national health care systems are diverse in both funding and delivery of health care. National governments have implemented many different measures, from controls and incentives to directly influence supply and demand or indirectly reduce expenditures, which in terms of overall health have grown faster than GNP in all European countries over the last 20 years (Ess, et al. 2003) . To slow this growth, some countries have emphasized direct price controls and supply side cost containment regulations, while others have emphasized demand side financial incentives, quantity controls and physician educational initiatives (Kanavos 2001; Mossialos, et al. 2004 ).
Supply regulations and cost containment measures consist primarily of direct fixed price controls, profit (or rate of return) controls and reference pricing. Direct price controls include negotiated prices, price-caps (fixed maximum price), cost-plus prices, price comparison to other countries or similar products within the same country, price cuts or freezes or price-volume agreements. Almost all EU countries except Germany and the UK apply direct price controls to on-patent drugs. In the UK new patent drugs can be freely launched but the prices are indirectly controlled by the rate of return controls that ensure pharmaceuticals are not realizing excessive profits. The permitted rate of return on capital is around 17-21% (Ess, et al. 2003) . France also introduced free pricing in 2003, but only for products defined as innovative by the National Transparency Commission with some limitations. In some countries such as France, Italy, Spain, Austria, and Portugal, prices are directly controlled through negotiations. In others, prices are fixed by national authorities according to a list of factors that depend on whether the main objective is to achieve the lowest possible price or a price that balances profitability with cost containment. Many countries have additionally applied cuts and freezes to the maximum fixed prices, often in an attempt to meet short-term budget constraints. In France, prices are set initially for 5 years. In most countries, price cuts have been the norm. Some countries, like Spain, reward companies that contribute to the economy or invest in research and development. In addition to using a cost-plus formula, Spain considers therapeutic value. Price comparisons are another common measure. However, there is concern about accuracy of the comparisons because of methodological difficulties and differences across countries in strength, formulation and pack sizes available (Mossialos, et al. 2004 ).
Another measure, reference pricing, has gained popularity over the years in places like Germany, Italy, France, and Spain. Reference pricing is "a system where the buying agent decides on a reimbursement price and then the user/patient or insurer pays the difference if the chosen medicine is more expensive" (Lopez-Casasnovas; Puig-Junoy 2000). Reference pricing aims to control pharmaceutical expenditures by defining a fixed amount to be paid by the government or other third party payer and can effectively eliminate price gaps between therapeutically similar products and improve market transparency by increasing patient and physician awareness of actual price levels (Dickson 1992 ). The latter can bring about switches to cheaper drugs that lead to price decrease for the more expensive version (Mossialos, et al. 2004 ), which encourages downward price convergence (Lopez-Casasnovas; Puig-Junoy 2000). Current EU price control systems limit the returns to any added therapeutic value of the drug. Reimbursement levels reflect negotiations between the pharmaceutical company (a monopolist with respect to a new drug) and the government or insurer (a monopsonist). A number of countries have started to incorporate further economic evaluations into the decision-making process, either as an additional tool to determine the reimbursement price (e.g. Finland) or as a mechanism to guide prescribers (e.g. the UK National Institute of Clinical Excellence). However, there has been little consistency in EU reimbursement regulations.
There are also several key elements of demand-side policies in member states. One is to influence the doctors who prescribe medicines for patients (Caves, et al. 1991 ). This can be done through positive and negative lists, issuing guidelines to which medications can be prescribed for certain conditions, and monitoring prescribing practices (doctors act as a "gatekeeper"). Additionally, budgets are imposed to force doctors to take costs into consideration when selecting between alternative treatments (e.g. individual doctor or group practice budgets in the UK, budgets for all doctors in a region in Germany). The second key element is restrictive lists that all member states operate in various ways. Regulatory approval that is necessary before a drug can be marketed does not imply that the drug will be covered by the health care system; in principle, drugs that are less effective or more expensive than substitutes should not be reimbursed. These lists operate in three different ways. In some countries, the drug must be on the "positive list" to be reimbursed, while inclusion on the "negative list" implies no government reimbursement. In others, only one list is used. In positive list counties, the drug must be on the list to be reimbursed. In negative list countries, only drugs on the negative list are not reimbursable.
Some countries (e.g. France) have been altering the system of paying physicians, moving from a fee-forservice and access to any physician/specialist regime to more restrictive gatekeeper systems. An alternative way to regulate demand is regulating what products pharmacists can sell, who may sell prescription medicines, what they can dispense, how prescriptions are written and substitution procedures (Kanavos 2001 ). Another option is patient cost-sharing through paying some combination of a proportion of the total price, a fixed charge per prescription, and an annual deductible (Noyce, et al. 2000) . For example, in Spain co-payments are 40% of the sales price, while in France the majority of the population pays less than 5% of retail prices out of pocket.
Finally, the size of the generic market has grown recently in several EU countries. For example, in the UK, the use of generic drugs has increased from 16% of prescriptions in 1977 to 54% in 1994 (Ess, et al. 2003 ). The two EU approaches to regulating generic drug prices are limiting the generic price to a fixed percent less than the originator product or the cheapest generic equivalent, and to apply a reference price scheme (Mossialos, et al. 2004 ). In some countries (e.g. Germany), generic substitution has been a successful short-term cost containment policy (Ess, et al. 2003 ).
Spain has both supply and demand side regulations. Table 1 shows a summary of national controls on pharmaceuticals from 1999 through 2002 (Kanavos 2001; . It is expected that under strict regulations, prices are much lower in Spain than other sample countries. 
DATA AND METHODOLOGY
We follow the approach by Danzon and Chao (2000a) , therefore, the drug is defined by active ingredient, i.e. molecule (MOL) and Anatomic Therapeutic Category (ATC) without regard to manufacturer and brand name. The data come from IMS Health, where the Standard Unit (SU) is defined a single dose as one tablet or capsule, five milliliters of a liquid (i.e. one teaspoon), or one ampoule or vial of an injectable product (IMS 2002; 2005) . Therefore, a country's standard unit (SU) price for a MOL/ATC is its volume-weighted average price per dose over all presentations, including generics, licensed, OTC, and parallel imported products (Danzon and Furukawa 2003) . Multiple molecule drugs are excluded because the relative mix of active ingredients varies across countries. With the employment of this measurement unit, it is assumed to avoid sample selection bias and measurement error.
This study is limited to retail sales of drugs for cardiovascular disease (CVD), which is among the top three causes of death in OECD countries. We sample the eight three-digit CVD categories, studied by Dickson and Jacobzone (2003) . These categories cover a wide range of both newer and older innovations that form the core of pharmacotherapy for CVD. The five countries in the sample are Germany, the UK, Italy, Spain, and France. These countries have the largest pharmaceutical production and sales in the EU-15 (OECD 2003) and represent the five largest pharmaceutical markets in the world after the US and Japan (Pammolli, et al. 2004 ).
Index calculations are based on bilateral matches (to Spain) across countries for each year. The match rate varies depending on the benchmark country. The most common price indices, both generally and in this literature, are the Laspeyres and Paasche indices (Berndt, et al. 2002; Berndt, et al. 1996; Berndt, et al. 1993 ; Danzon and Chao 2000a; Gilles 1940 ). The Laspeyres price index, for example, is a weighted average of individual molecule price changes, with the weights equaling the expenditure share for each good in the base period. It compares the price of a base period basket of goods with the price of the same basket in the current period. In contrast, the Paasche price index compares the price of a current basket of goods with the price of the same basket in the base period: Because prices are weighted by current period quantities (and vice versa for the quantity index), the weights change for each period in which a Paasche index is calculated (Allen 1975) . Additionally, because Laspeyres uses base weights while Paasche uses current weights, the two indexes are generally different even for the same period, but usually are similar when the periods being compared are not too far apart (as in this study). The Paasche price index tends to be lower than the Laspeyres when prices are increasing and higher when prices are decreasing.
A
Since drugs come in different forms, pack sizes, and strength levels in different countries, hedonic regression is employed to explain the price of a good in terms of these characteristics. Therefore, hedonic price regressions estimate the value of observed characteristics of the drugs/molecules. Drug characteristics and prices also differ across countries because of their regulatory and reimbursement environments.
The specification of the model is ,
adopted from Danzon and Chao (2000a) , where lnP k,j,t is the log price per SU for molecule k in country j and year t, X is a vector of quality and market characteristics for that molecule, country and year t, γ t is year indicators, δ j is country indicators, θ j,t is an interactions between indicators for country j and year t, c k is an indicator for molecule k, and u k,j,t is the remaining error. The main goals of this regression are to obtain consistent estimates of θ j,t , which reflects the pattern of bilateral country price differences over time when the molecule and observable quality and market characteristics are held constant, and u k,j,t , which represents cross country price differences that cannot be explained by observable drug characteristics, specific molecules available and average year-specific price differences.
This model is estimated using panel data methods that account for time-and country-invariant unobserved heterogeneity associated with each specific molecule. Both fixed and random effect models are estimated. These vary according to their treatment of the unobserved molecule-specific effect c k , which is called a "random effect" when treated as a random variable and a "fixed effect" when treated as a parameter to be estimated for each molecule. Both models require zero conditional mean to hold, i.e. E(u k,j,t | X k,j , c k ) = 0, in order to generate consistent parameter estimates. Because the random effect model implicitly places c k in the error term, for consistency it further requires zero correlation between the observed explanatory variables and the unobserved effect, i.e. Cov(X k,j,t , c k ) = 0. In contrast, the fixed effect model allows arbitrary correlation between c k and X k,j,t . The fixed effect model is therefore more robust than the random effect model. Lastly, the Hausman (1978) test is used to check a more efficient model against a less efficient but consistent model to make sure that the more efficient model gives consistent results. The Hausman test tests the null hypothesis that the coefficient estimated by the efficient random effects estimator are the same as the ones estimated by the consistent fixed effect estimator. If they are, then it is safe to use random effects. If not, the fixed effect must be used.
The dependent variable is SUPrice, which represents the average price per standard unit (SU) for each ATC/molecule, defined as the volume-weighted average retail price over all forms and packs. Local currency prices are converted to euros by IMS Health using constant exchange rates, which minimize effects of exchange rate fluctuations. Molecule Age is the number of years since the first product launch of molecule k in country j, and is the same for all products in a molecule. Strength (g) is the mean grams of active ingredient per standard unit, averaged over all packs. Form Code represents the number of different formulations of the products in each molecule, and is included as a measure of the choice and convenience available to patients. Forms include different types of tablets (e.g. film, chewable, gel), capsules, ampoules, powders, drops, syrups, syringes, and liquids, along with different strengths and pack sizes. Pack Size is the average number of standard units over all packs in a molecule. Pack sizes were converted to IMS standard units. Diffused Molecules is the number of sample countries (i.e. between 0 and 5) in which the molecule is available, as a measure of therapeutic value. Generic Competitors is the number of manufacturers of the products in the molecule, including originators, licensees, parallel imports and generics. Therapeutic Substitute Molecules is the number of therapeutic competitors that are chemically distinct but used to treat the same indication, i.e. the number of molecules in the ATC3. Table 2 and Table 3 report the estimated Laspeyres and Paasche price and quantity indexes, as Spain represents the benchmark country. The standard unit is the volume measure and the fixed euro is the monetary measure. The Laspeyres index uses benchmark country weights, whereas the Paasche index uses own country weights. The indices are measured for both bilateral matched molecules and diffused molecules. Table 2 shows that in 1994 Laspeyres prices are higher by 33% in the UK, 39% in Germany, 38% in France and 47% in Italy. These price differences decrease in 2003 for all sample countries to only 10% in Germany, 45% in France, 24% in the UK and 31% in Italy, relative to Spain. The Paasche index generally shows smaller price differentials. In 1994 prices are higher by 32% in Italy, 47% in the UK, 28% in France and 38% in Germany. In 2003, price differentials are getting closer by 0% in Germany, 20% in Italy, 37% in France, and 23% in the United Kingdom. Thus, both the magnitude and rank ordering of the price differentials depend on which weights are used. As a matter of fact, all these sample countries have indeed higher prices than Spain for the entire time period of the analysis.
FINDINGS
The Laspeyres and Paasche quantity indices show more consumption than in Spain for all countries. The results reveal large cross-national differences in per capita drug consumption.
The price indices for diffused molecules relative to Spain (Table 3) generally show similar but some cases smaller price differences between countries than the indices based on the larger bilaterally matched samples. This could possibly reflect particularly increasing parallel trade and employing the international price comparison regulatory method. Table 4 shows the results of the quasi-hedonic price regressions estimated by both fixed and random effect models, with Germany as the base country. The Hausman test rejects the null hypothesis, so the fixed effect estimator is presumed consistent and hence, used to interpret the price differentials for all the molecules.
Most of the quality and market variables have the expected sign and are statistically significant, but their effects are small in magnitude. Standard unit price is expected to increase in strength but it is insignificant. The number of forms available is expected to be positively related in markets, if range of formulation enhances effectiveness, convenience and value. Additionally, introducing a new formation is a method of obtaining a price increase in countries that do not permit price increases for established products or when the product life cycle declines. Here, form code is inversely related due to possible explanations of therapeutic category-specific differences in medical norms and insurance. SU price is expected to inversely relate to molecule age, suggesting that newer molecules offer improved therapeutic quality, although molecule age may also reflect life-cycle regulatory effects, but it is not significant. Price decreases with pack size, consistent with economies of scale in packaging, and diffused molecules, which is a proxy for diffused therapeutic value. Generic competition lowers price as it is expected but not significant. Therapeutic substitute molecule is expected to be inversely related to price due to substitution effect but here again, it is directly related to the price. When a new molecule is introduced, assuming better therapeutic treatment, a few good substitutes will be available and the drugs with the new main ingredient will have high prices. But after time, competition eliminates some of the substitutes while at the same time lowers prices. The interest in these regressions is the coefficients of the country/year interactions, which trace out the pattern of price differences over time controlling for quality and market characteristics and molecule identity. The individual country dummy coefficients give the 1994 price differential between country and Germany, while the individual year dummy coefficients give the price differential for Germany between each year and 1994. Table 5 and Figure 1 show the price differences in percentages, estimated with the fixed effect model, relative to Germany in 1994 (the omitted country/year combination). The main result is that price differences are still significant, but the percentage differences are consistent with the expectations that price differentials are decreasing over time. All the countries have higher prices relative to Spain. Prices in France and Italy move similarly as well as Germany and the UK, which is likely attributable to their pharmaceutical industries having similar characteristics. Table 6 shows the results from applying the same model to the diffused molecules. The Hausman test fails to reject the null hypothesis, so the random effect estimator is consistent and hence used to interpret the price differentials. Coefficient signs are almost the same, and magnitudes remain similar. As it is expected, molecule age variable is significant in random effect specification, indicating that older molecules have lower prices. The estimated price differentials for diffused molecules are reported in the table 7 and figure 2, relative to Germany. The results are the same with previous findings for all countries that price differences are again decreasing at an increasing rate. Germany and the United Kingdom have the highest price differences for all the years, representing less regulated markets with relatively free pricing mechanism. 
CONCLUSION
The pharmaceutical industry faces major challenges as the Community shifts toward an integrated single market. To add to the complications on its characteristics, the gradual creation of a single pharmaceutical market poses the European Commission a particular set of problems and confronts it with several dilemmas. The Commission has to deal with the phenomenon on pricing and reimbursement divergence across the members, as well as parallel importing issues, which is under the European Treaty's free movement of goods and competition rules. The rise of parallel importing threatens not just short term profits but the long term investment and innovation potential of the industry. In seeking to harmonize national rules, regulations on pricing and profits controls, the Commission confronts resistance from the member states since all these issues are as a matter of health policy, and thus national competence. Achievement of a single market in pharmaceuticals requires continuing efforts in simplification of legislation and regulation at EU and national levels. In addition to that, the industry doesn't intend to set average "European" prices for their products (European Commission). This paper finds evidence that price variation across member states exists but it is getting narrower generally, even though the internal market has significant national barriers. We expect to find some price divergence across the member states due to differences in health care systems, pricing and reimbursement regulations. Our results confirm this divergence. France and Italy show similar trends whereas the United Kingdom and Germany indicate closer price differences, with respect to comparable industry characteristics and regulations, relative to Spain. Our results are consistent with existing findings that strictly regulated countries have relatively lower prices (Danzon and Chao 2000b).
Consequently, drug prices indeed diverge across the member states of the European Union, but also it is evident that the price differentials are decreasing over time. It is possible to interpret this as an implicit evidence of gradual achievement of a single pharmaceutical market. Harmonization efforts by the European Commission may ease reducing price differences in the long run but it should not be interpreted as moving toward complete elimination of price differences due to complexities in this industry.
The results of this study are subjected to several limitations. First, our data include only cardiovascular disease drugs in certain therapeutic categories in five countries and only for matching molecules to Spain (price indices), therefore the findings cannot be generalized to all drugs in each country in the European Union. Second, it has been already discussed in the literature that cross country price comparison in pharmaceuticals is very sensitive to produce unbiased results. The validity of empirical results relies on the credibility of the data, the type of conversion factor, the method used, and robustness of the analysis. Our data set extends for only a ten year period and not sufficient enough to find evidence in terms of price differences over time. In our analysis, although we attempt to apply one of the suggested approaches to compare pharmaceutical prices for cross countries, further research is necessary to improve the empirical model and the set of the observed variables. These estimations are likely to be biased by endogeneity, omitted variables and measurement error; thus conclusions are tentative. An extension to the current work will continue to develop a model to find empirical evidence in order to explain how this coordination of divergence in terms of government regulations impacts on price convergence in the European single pharmaceutical market.
